During our investigations on the constituents of Asclepiadaceous plants, the isolations and structure determinations of pregnane glycosides from Asclepias fruticosa, 2) Marsdenia tomentosa,
3) Hoya carnosa 4) and Tylophora tanakae 5) were reported. In the preceding paper, we described the isolation of cardenolide glycosides including D 5 -calotropin 3Ј-Oglucoside and two D 5 -calotropin derivatives having a spirotype linkage of thiazolidinone at the 3Ј-carbon, from the roots of Asclepias tuberosa L., which was used to treat pleurisy and bronchitis in North America and called "pleurisy root." 1) This paper deals with the pregnane glycosides from these roots.
When the roots were percolated with MeOH, the pregnane glycosides and cardenolide glycosides were roughly partitioned in the benzene-and CHCl 3 -soluble fractions, respectively, from the MeOH extract. Prior to the isolation of individual pregnane glycoside, a portion of the benzene fraction was subjected to acid hydrolysis, in order to identify the component sugars and pregnanes. The sugars were identified as D-oleandrose (Ole), D-cymarose (Cym) , D-digitoxose (Dgt), D-canarose (Can), D-thevetose (Thv) , and D-glucose (Glc) along with two bioses, strophanthobiose (b-D-glucosyl-D-cymarose) and glucosyl-oleandrose by direct comparisons with authentic sugars on TLC, 1 H-NMR and optical rotation data. All sugar linkages in the glycosides were assigned to be in the b-form based on the coupling constants of the anomeric protons as shown in Table 3 . From the pregnane fraction in the hydrolysate, two pregnanes (a-1, a-2) were obtained, and a-1 was identified as ikemagenin by direct comparison with an authentic sample. 2) Pregnane a-2 was suggested to have the molecular formula, C 21 H 34 O 6 , based on high resolution (HR)-FAB-MS. The NMR spectra showed the presence of an acetyl sidechain at C-17 by the signals at d C 32.1 (q), 213.4 (s), and d H 2.28 (3H, s). The methine carbon signal at d 70.9 was assigned to C-17 by 3-bond correlation with the H-21 proton signal in the heteronuclear multiple bond connectivity (HMBC) spectrum. The proton signal of H-17 (d 81.9, respectively, suggesting the presence of hydroxy groups at C-15 and C-16, along with one at C-14. The presence of two quaternary carbons bearing oxygen was observed at d 83.7 and 77.0, and the former signal was assigned to be C-14 by 3-bond correlations with H-17 and H-18, while the latter one was C-8, based on the coupling pattern of H-9 (br d, Jϭ11 Hz). The three hydroxy groups at C-8, 14 and C-15 were assigned to have a b-orientation from the nuclear Overhauser effect (NOE) between H-9 and H-15. A 17R-configuration (17b-acetyl) and a 16a-OH configuration were confirmed by NOEs between H-21 and H-18, H-16, as well as the coupling constant (Jϭ5 Hz) between H-16b and H-17a. The stereochemistry at C-5 was assigned to be 5a-H, based on shielding of the C-19 signal to d 13.4. The remaining hydroxy group was considered to be 3b-OH, since a methine proton signal was observed at d 3.86 in axial mode. Pregnane a-2, 3b,8b,14b,15b,16a-pentahydroxy-5a-pregnan-20-one, is a new compound and was called pleurogenin.
Isolation of the glycosides from the benzene extract was carried out using silica gel and octadecyl silica (ODS) column chromatography and preparative HPLC, to afford sixteen pregnane glycosides along with a small amount of free cardenolides.
1) The aglycone of 1-12 was assigned to be ikemagenin based on the NMR data. Glycoside 1 was identical to compound 3 isolated from Cynanchum caudatum. 6) The sugar sequences in 2-7 and 10 were considered to be those represented in Chart 1 based on the difference (DIF)-NOE and/or HMBC methods. They are previously known sequences in the glycosides of pregnanes except ikemagenin, obtained from Asclepiadaceae plants, 6, 7) and their structures were finally determined by comparison of the NMR signals from the sugar moieties. 
In HR-FAB-MS, 9 was suggested to have the molecular formula, C 69 H 104 O 26 , one CH 2 greater than 8. Based on the NMR data, the sugar moiety of 9 was composed of 3 moles of Cym and one mole each of Dgt, Can and terminal Glc, indicating the substitution of Cym for inner Dgt in 8. The same correlations as in 8 were observed in DIF-NOE except for the NOE between Cym (inner) and H-3. In the HMBC spectrum, cross-peaks were observed between the H-4 signals and the corresponding C-1 signals in the connecting sugars with 3-bond relations. Consequently, 9 was identified as
The molecular formula of 11 was considered to be C 70 H 106 O 28 , based on the HR-FAB-MS data, and the sugar moiety was composed of 2 moles each of Cym, Ole and Glc. In the same DIF-NOE and HMBC procedures as in 8 or 9, the sugar moiety of 11 was determined to be the cellobioside
Glycoside 12 (C 77 H 118 O 31 ) was suggested to be a heptao- side. On comparing the NMR signals with those of 11, 12 seemed to have one extra Cym. The presence of the b-cellobiosyl→Cym linkage and the array of Ole→Ole→Cym→ Cym→ikemagenin in 12 were assigned by DIF-NOE and HMBC. Upon partial hydrolysis of 12 with cellulase, deglucosyl-12 (7) and decellobiosyl-12 (6) were observed on TLC. Therefore, the structure of 12 was determined to be ikema-
HR-FAB-MS of 13 suggested the molecular formula, C 49 H 80 O 17 , and no NMR signals due to a cinnamoyl residue were observed. The signal pattern of the aglycone moiety in 13 was similar to that of lineolon 3-O-glycoside. 8) The chemical shifts and multiplicities due to the sugar moiety were identical with those of 4, and 13 was assigned to be lineolon
Since the signals due to the aglycone moieties in 14-16 were in good agreement with those of a-2, except for the deshielding of C-3 and shielding of C-2 and C-4, the sugar moieties were linked to the 3-OH of a-2. The molecular for- Sug-2 Cym (1) Cym (2) Cym (2) Cym (2) Can (1) Can (1) Can (1) 
Ole (2) Cym (2) Cym (2) Cym (2) The molecular formula of 15 was considered to be C 53 H 88 O 23 , one hexose greater than 14, and the NMR signals of 15 were observed to have almost similar chemical shifts as those of 14, except for signals due to the extra Glc and deshielding of C-4 in the outer Cym. In the HMBC spectrum, cross-peaks were observed between H-1 of Glc/C-4 of outer Cym, and H-4 of outer Cym/C-1 of Glc, along with those in 14. Therefore, 15 was assigned to be pleurogenin 3-
The molecular formula of 16 was suggested to be Sug-1 Dgt (1) Cym (1) Cym (1) Cym (1) Cym (1) Cym (1) Cym (1) (1) Cym (2) Cym (2) Cym (2) Can (1) Can (1) Can (1) 1 5.14 (dd, 10, 2) (2) Can Ole (1) Ole (1) Can (2) Can (2) Can (2) (2) Ole (2) Cym (2) Cym (2) Cym (2) 
Sixteen glycosides of pregnanes, including ikemagenin, lineolon and a new pregnane, pleurogenin, were isolated and their structures were elucidated. Since these glycosides foam to a lesser degree than spirostan or triterpenoid saponins, an expectorant effect can be expected when the roots are used to treat pleurisy or bronchitis.
Experimental
1 H-and 13 C-NMR spectra were recorded on a JNM-A500 spectrometer in pyridine-d 5 . Chemical shifts are given in d values referred to the internal standard, tetramethylsilane (TMS), and the following abbreviations are used: sϭsinglet, dϭdoublet, tϭtriplet, mϭmultiplet, br sϭbroad singlet, ddϭdou-blet of doublets. HR-FAB-MS were recorded on a JEOL HX-110 spectrometer. Optical rotations were measured on a JASCO DIP 360 polarimeter. For silica gel column chromatography and TLC, the following solvent systems were applied: CHCl 3 -MeOH-H 2 O (7 : 1 : 1.6-7 : 2 : Extraction and Isolation The roots of Asclepias tuberosa L. collected in North Carolina in March, 1994, and purchased from Wilcox Natural Products, North Carolina (4.5 kg), were powdered and percolated with MeOH. The concentrated MeOH extract was dissolved in 50% MeOH and filtered. The filtrate was partitioned with benzene (extract 34.0 g) and then with CHCl 3 (extract 4.5 g). The benzene fraction was subjected to column chromatography on a silica gel column with solvent 2. A pregnane glycoside-rich aliquot obtained on initial chromatography (1.5 g) was subjected to hydrolysis. The remaining fraction was chromatographed successively on a silica gel column (solvents 1, 2, 3) and an ODS column (solvent 4) to afford 16 glycosides; 1: 38 mg, 2: 19 mg, 3: 42 mg, 4: 110 mg, 5: 40 mg, 6: 36 mg, 7: 110 mg, 8: 68 mg, 9: 34 mg, 10: 23 mg, 11: 85 mg, 12: 10 mg, 13: 19 mg, 14: 13 mg, 15: 8 mg, 16: 8 mg.
Hydrolysis of the Extract A glycoside-rich aliquot (1.5 g) from the benzene-soluble fraction was heated with 0.05 N HCl in 50% dioxane (20 ml) for 2 h at 95°C. The mixture was deacidified with Amberlite IRA-410, diluted with H 2 O and extracted with n-BuOH. The n-BuOH extract (880 mg) was chromatographed on a silica gel column with solvent 2 to give ikemagenin (a-1) which was further purified on a silica gel column with solvent 3 (230 mg), lineolon (10 mg), and pleurogenin (a-2, 8 mg). The H 2 O layer, after extraction with n-BuOH, was chromatographed on a silica gel column with solvent 1, 2 and 3 to afford D- 
